Most clavicle fractures heal without difficulty. However, radiographic nonunion after distal clavicle fracture has been reported in 10% to 44% of patients. Type II distal clavicle fractures, which involve displacement, are associated with the highest incidence of nonunion. Several studies have questioned the clinical relevance of distal clavicle nonunion, however. Nonsurgical and surgical management provide similar results. The decision whether to operate may be influenced by the amount of fracture displacement and the individual demands of the patient. Surgical options to achieve bony union include transacromial wire fixation, a modified Weaver-Dunn procedure, use of a tension band, screw fixation, plating, and arthroscopy. Each technique has advantages and disadvantages; insufficient evidence exists to demonstrate that any one technique consistently provides the best results.
F ractures of the distal clavicle account for approximately 10% to 30% of all clavicle fractures. 1 Management of distal clavicle fractures is often challenging because of the difficulty in distinguishing subtle variations in the fracture pattern that may indicate fracture instability. Stable fracture patterns generally heal uneventfully with nonsurgical management, but unstable fracture patterns are often associated with longer time to union and notable nonunion rates.
Because of concern that nonsurgical management may result in nonunion, primary surgical management has been recommended for certain distal clavicle fracture patterns. [2] [3] [4] [5] [6] However, these nonunions are often asymptomatic, and their clinical relevance has been questioned. 1, 7 The use of nonsurgical management is bolstered by the various complications that have historically been reported following surgical fixation. As a result, there is uncertainty regarding not only which distal clavicle fractures require surgical fixation but also which fixation method is best.
Anatomy and Biomechanics
The clavicle serves as a strut connecting the upper extremity to the appendicular skeleton. Fluid scapulothoracic motion is dependent on a stable relationship between the distal clavicle and the scapula. This stability is provided by the acromioclavicular (AC) joint capsule, AC ligaments, and coracoclavicular (CC) ligaments.
The AC ligaments span the AC joint, attaching to both the medial aspect of the acromion and the distal extent of the clavicle and reinforcing the AC joint capsule. These ligaments serve as an important stabilizer to horizontal (AP) motion at the AC joint. 8 The CC ligaments (ie, trapezoid, conoid) originate at the base of the coracoid process of the scapula and insert on the undersurface of the distal clavicle. The trapezoid is the more lateral of the two ligaments and attaches to the distal clavicle approximately 2 cm from the AC joint. 9 The conoid ligament, which is located more medially, attaches to the clavicle approximately 4 cm from the AC joint. These ligaments play a pivotal role in preventing superior displacement of the distal clavicle in relation to the acromion. The normal distance between the coracoid process and the undersurface of the clavicle (ie, CC interspace) is 1.1 to 1.3 cm.
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The clavicle also serves as an important origin and site of insertion for several muscles involved in motion of the shoulder and the cervical spine, including the sternocleidomastoid, anterior deltoid, and trapezius. Depending on the fracture pattern, these muscles can create deforming forces. Neer 4 described four deforming forces: weight of the arm; pull of the pectoralis major, pectoralis minor, and latissimus dorsi muscles; scapular rotation; and pull of the trapezius muscle on the proximal fragment.
Classification
Neer 5, 11 and later, Craig, 12 classified distal third clavicle fractures into three types based on the relationship of the fracture line to the CC ligaments and AC joint (Figure 1 ). Type I fractures occur lateral to the CC ligaments but spare the AC joint. The proximal fragment is stabilized to the coracoid process by the CC ligaments and to the distal fragment by the deltotrapezial fascia. Type I fractures often are only minimally displaced because of the presence of these soft-tissue attachments.
Type III fractures are similar to type I fractures in that they also occur distal to the CC ligaments. However, type III fracture extends into the AC joint. Because the ligamentous structures remain intact, type III fractures are relatively stable and typically are minimally displaced. Persons with this injury may be at risk of posttraumatic AC joint arthropathy because of the intraarticular involvement.
Type II fractures are less stable than type I and III fractures, and they present a treatment challenge. In all type II fractures, the proximal fragment is detached from the CC ligaments. The distal fragment remains attached to the scapula via the AC joint capsule. In type IIA fracture, the fracture lies medial to the conoid ligament. In type IIB fracture, the fracture lies between the conoid and trapezoid ligaments. The relationship of the distal fragment to the coracoid process may differ between types IIA and IIB.
In type IIA fractures, the distal fragment remains connected to the coracoid process by the CC ligaments, which are presumed to be intact. With type IIB fractures, the CC ligaments lie within the zone of inIllustration of the Neer classification of distal clavicle fractures. Type I fracture occurs distal to the coracoclavicular (CC) ligaments (ie, trapezoid, conoid) and involves minimal fracture displacement. The acromioclavicular (AC) joint remains intact. Type IIA fracture occurs medial to the conoid ligament. Type IIB fracture occurs between the CC ligaments and includes disruption of the conoid ligament. The trapezoid ligament remains intact. Type III fracture occurs distal to the CC ligaments and extends into the AC joint. Type IV fracture occurs in pediatric patients. The physis and epiphysis remain adjacent to the AC joint, but there is displacement at the junction of the metaphysis and physis. In type V fracture, a small inferior clavicular fragment remains attached to the CC ligaments. jury. In Neer type IIB fractures, the conoid ligament is torn, but the trapezoid is presumed to remain attached to the distal fragment. 12 This classification was developed before widespread use of MRI, and we are unaware of any study that has confirmed the integrity of the trapezoid and conoid ligaments in type IIA and IIB injuries. Although in type II fractures, fracture displacement may be obvious, the exact location of the fracture and the integrity of the CC ligaments may be difficult to judge on plain radiographs.
Type IV and V fractures were subsequently added to the classification. 11 Type IV fractures are rare; they involve disruption of the periosteal sleeve in the pediatric population. 13, 14 These fractures are injuries to the growth plate in which the epiphysis and physis typically maintain their relationship to the shoulder joint, resulting in apparent superior displacement of the clavicular metaphysis. Depending on the degree of displacement, these patients are treated with closed or open reduction. 14 In type V fracture, only a small inferior cortical fragment remains attached to the CC ligaments. Type V fractures are functionally similar to type II injuries in that neither the proximal nor the distal fragment is connected to the coracoid process via the CC ligaments. Although the ligaments may remain attached to a free-floating bony fragment, the stability of the distal and proximal fracture fragments is compromised. Although the Craig modification of the Neer classification system is widely used, no study has assessed the validity of this classification through inter-and intraobserver reliability.
Robinson 15 proposed an alternative classification for all clavicle fractures based on fracture location, displacement, and intra-articular involvement ( Figure 2 ). Distal clavicle fractures were classified as type 3. These occur lateral to a vertical line drawn upward from the center of the coracoid process. Robinson grouped fractures into subgroups A and B based on displacement of the major fragments. Subtypes A and B were subdivided according to articular involvement. This classification was found to have substantial interobserver reliability (mean kappa value = 0.77) and excellent intraobserver reliability (average kappa value = 0.84).
Clinical Evaluation
Most distal clavicle fractures are the result of a fall onto the distal clavicle or a direct blow to it. 1, 16 Direct impact occurs at the acromion, usually with the arm in an adducted position, and force is transmitted through the AC joint to the CC ligaments and the distal clavicle. Patients with distal clavicle fractures typically present with shoulder pain. Associated injuries should be ruled out, such as other injuries to the shoulder girdle, rib fracture, ipsilateral upper extremity injury, and injury to the thorax or cervical spine. These are particularly likely to occur in conjunction with high-energy mechanisms.
Physical examination findings include swelling, ecchymosis, and tenderness over the distal clavicle, as well as painful active and passive range of motion (ROM) of the shoulder. Fracture displacement may cause the proximal fragment to tent the skin, with an appearance similar to that of AC joint separation (Figure 3 ). Paresthesias resulting from swelling or injury to the supraclavicular nerves are common. Neurologic examination of the shoulder and upper extremity should be performed and documented. Suprascapular nerve injury after distal clavicle fracture has been described. 17 Weakness on external rotation with the arm in adduction and disproportionate reports of pain could be indicative of suprascapular nerve injury. Careful examination of the remainder of the upper extremity, as well as the cervical spine and the thorax, is essential.
Radiographic Evaluation
Radiographic evaluation should include true AP and axillary lateral views of the shoulder. A Zanca view of the AC joint, which is obtained in 10°to 15°cephalic tilt, is also helpful in evaluating for intra-articular involvement. 18 A radiograph showing the bilateral clavicles and including the AC joint is useful in assessing fracture displacement. These radiographs can provide an overall assessment of fracture pattern, location, and displacement. Closer evaluation of studies that included outcomes scores in their analyses further clarifies the impact of distal clavicle nonunion. In the small series by Rokito et al, 7 7 of the 16 patients treated nonsurgically de-A, Clinical photograph of a displaced left distal clavicle fracture in a 21-year-old woman who fell onto her left shoulder. B, Preoperative AP radiograph demonstrating fracture displacement with no residual cortical contact between the bone ends. The patient was treated with a distal radius 2.4-mm locking plate and simultaneous coracoclavicular stabilization using suture. C, AP radiograph obtained 3 months postoperatively demonstrating fracture healing. veloped nonunion, but there was no difference in mean Constant or American Shoulder and Elbow Surgeons (ASES) scores between those treated nonsurgically and those treated surgically. In the case series by Robinson and Cairns, 1 there was no significant difference in the Constant score or the Medical Outcomes Study 36-Item Short Form score between any of the three groups studied: patients treated nonsurgically, patients who developed a nonunion, and patients who underwent delayed surgical treatment after the development of a nonunion.
Management
Based on these data, several conclusions may be reached regarding nonunion after distal clavicle fracture: (1) The reported rate of radiographic nonunion of all types of dis- 
Nonsurgical
Most distal clavicle fractures are managed nonsurgically. Sling immobilization for 2 weeks is instituted for comfort, and shoulder motion is initiated as soon as the initial pain improves. Repeat radiographs are obtained at 6-week follow-up to monitor for fracture displacement and evidence of healing. These patients typically recover fully without sequelae. Type I and type III fractures are at risk of delayed-onset symptomatic AC arthrosis, 5 which can be managed with distal clavicle resection, if necessary. Nondisplaced 
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type II fractures may also be managed nonsurgically. However, the likelihood of subsequent displacement and possible nonunion should be recognized, discussed with the patient, and monitored with repeat radiographs at 6 weeks.
Surgical
A variety of methods of surgical management of distal clavicle fractures has been proposed, including transacromial wire fixation, a modified Weaver-Dunn procedure, use of a tension band, CC screw fixation, plate fixation, and arthroscopic treatment. Neer 4 recommended transacromial wire fixation of distal clavicle fractures. This commonly used technique has been associated with a high rate of complications, including nonunion, AC arthrosis, and Kirschner wire (Kwire) migration. Although Eskola et al 46 reported good or satisfactory outcomes in 22 of 23 patients, 26% experienced a complication or nonunion following transacromial wiring. Late migration of the wires into the cervical spine, trachea, vascular structures, lung, and abdomen has been reported. [47] [48] [49] Modifications have led to a reduction in unsatisfactory results and complications associated with transacromial wire fixation. Good results have been reported with the use of a transacromial Knowles pin rather than K-wires. 23, 24 Transacromial fixation supplemented with CC ligament repair or reconstruction has also been shown to improve results and decrease complications. [24] [25] [26] CC ligament repair or reconstruction without supplemental fixation has been reported. 6, 27 Webber and Haines 6 described CC ligament reconstruction using a Dacron graft in 11 patients. All fractures united by an average of 43.5 days postoperatively. At a mean follow-up of 4.6 years, the average Constant score was 98.9.
The modified Weaver-Dunn procedure is primarily used for AC dislocation, but it also has been advocated for the management of distal clavicle fractures. 50 This procedure is usually reserved for cases in which the distal clavicle fragment can be easily excised and the coracoacromial ligament can be transferred to the distal end of the proximal clavicle fragment. K-wire fixation with a supplementary tension band wire has also been suggested for fixation of type II distal clavicle fractures. 51 In this method, K-wires are placed on the superior aspect of the clavicle, avoiding the AC joint. The tension band is placed around the wires. In one series, 11 of 12 patients achieved painless union with this approach. 52 Others have reported similar success rates with modified tension band techniques using suture. [28] [29] [30] Symptomatic hardware is a potential complication, particularly when tension band wiring is used. 31 In CC screw fixation, open reduction and internal fixation of the distal clavicle fragment is performed by temporarily fixing the distal clavicle to the coracoid process. Successful healing of the distal clavicle has been reported in several small case series. 22, [32] [33] [34] This technique has also been performed using a cannulated screw. 35 More recently, Fazal et al 36 reported a 100% union rate using this technique in 30 patients. A second procedure is required to remove the screw following union. Small and mini-fragment locking plates may be used to stabilize distal clavicle fractures (Figures 3 and 4) . These plates allow fixation of the distal clavicle fragment without crossing the AC joint. Kalamaras et al 37 used a distal radius locking plate on nine patients with distal clavicle fracture. The 2.4-mm locking screws in the distal portion of the plate were used to capture the distal clavicle fragment. All eight patients who were available for follow-up achieved bony union. The mean Constant score was 96.
If the distal fragment is too small to hold screws, a plate that hooks under the acromion may be used ( Figure 5 ). Kashii et al 38 reported on 34 patients with distal clavicle fractures treated with an AC hook plate. Although all patients achieved bony union, the hook caused acromial fracture in one patient and rotator cuff tear in another. Good union rates with the hook plate were reported in two other studies, but asymptomatic osteolysis of the acromion and migration of the hook into the acromion were frequently encountered. 39, 40 With the hook plate, a second procedure is required for A, AP radiograph of the right shoulder in a 56-year-old woman who sustained a closed distal clavicle fracture after a fall. B, The patient was initially treated nonsurgically and developed painful nonunion. She then underwent fixation with a 2.7-mm plate, which allowed placement of three screws into the distal fragment. The fixation was augmented with coracoclavicular stabilization using Mersilene tape. AP radiograph (C) and postoperative photographs (D through G) obtained 3 months postoperatively demonstrating healing and return to preinjury level of function. plate removal, which may cause additional morbidity.
Plate fixation may be supplemented with CC screw fixation through the plate or with CC ligament repair or reconstruction. Supplemental CC fixation may also be achieved with sutures or suture anchors. Recently, Herrmann et al 3 described the use of a locking T-plate in addition to suture anchors placed into the coracoid in eight patients. The sutures were placed around the clavicle and over the plate. Bony union was achieved in 6 weeks in the seven patients who were available for follow-up; the mean Constant score was 93.3.
Arthroscopic techniques for the management of distal clavicle fractures have also been reported. These techniques employ some of the same strategies used in arthroscopically assisted CC ligament reconstruction following AC joint separation. Published reports are limited to small case series and technical notes, and all involve arthroscopic CC stabilization using suture, a double-button device, or the Tightrope system (Arthrex, Naples, FL). [41] [42] [43] [44] Only two studies to date have directly compared two methods of surgical management. Flinkkilä et al 45 retrospectively compared K-wire fixation with the use of a clavicular hook plate (22 and 17 patients, respectively). Although both methods restored shoulder function, K-wire fixation was associated with wire migration in 12 patients, loss of reduction in 7, infection in 3, and nonunion in 2. In the group treated with clavicle hook plates, one patient sustained a clavicle fracture, and two fractures went on to nonunion. More recently, Lee et al 31 retrospectively reviewed patients treated with either clavicular hook plates or tensionband wiring (32 and 20 patients, respectively). Hook plating was associated with a lower complication rate and a lower rate of symptomatic hardware. In addition, it better facilitated return to work and athletic activity.
Authors' Preferred Management
We recommend primary nonsurgical management of type I, type III, and nondisplaced type II distal clavicle fractures. Patients are treated with sling immobilization for 2 weeks. During this period, supine passive ROM and active-assisted ROM are initiated. When pain has improved and there are early signs of fracture consolidation, active ROM is allowed.
For the patient with displaced type II distal clavicle fracture or displaced type IV or V fracture, treatment selection is based on the degree of displacement and a discussion with the patient. Robinson et al 19 defined displacement (ie, no residual cortical contact between the bone ends) as a risk factor for nonunion. For patients with displacement, we offer surgical treatment but counsel them that the current evidence suggests equivalent outcomes between surgical and nonsurgical treatment.
Our preferred surgical management technique is internal fixation of the distal clavicle fracture with supplementary CC fixation (Figures 3  and 4) . If the distal clavicle fragment is large enough to hold screws, we use a small, low-profile locking plate and perform open anatomic fracture reduction. The coracoid process is identified to allow for suture passage. The fixation is supplemented by CC stabilization, which is achieved with sutures placed around the coracoid process and either around or through a small hole in the clavicle, proximal to the fracture.
For cases in which the size or quality of the distal fracture fragment is insufficient for plate application, we recommend CC stabilization using nonabsorbable suture such as Ethibond (Ethicon, Somerville, NJ), FiberWire (Arthrex, Naples, FL), or Mersilene (Ethicon). This approach requires exposure of the coracoid process. Two strands of suture are passed around the coracoid process. The ends of the suture are then passed through a small drill hole in the proximal clavicle fragment. The distal clavicle is reduced, and the first suture is tied. Once reduction is confirmed visually and radiographically, the second suture is tied. The fixation is supplemented by a dorsal suture tension band placed through the incision, as described by Levy. 30 Surgeons who are trained in shoulder arthroscopy may perform the procedure arthroscopically.
Postoperatively, the patient is placed in a sling for 6 weeks. Supine passive and active-assisted ROM exercises are begun immediately. Active ROM is started at 6 weeks, with progression to strengthening exercises 6 to 12 weeks postoperatively. Patients are typically restricted from engaging in heavy labor and sports for 12 weeks.
Summary
Most distal clavicle fractures may be managed nonsurgically. Type II distal clavicle fractures are associated with radiographic nonunion in up to 44% of cases. Fracture displacement is associated with a higher risk of nonunion. However, the clinical relevance of this nonunion may be minimal, and initial nonsurgical management may be warranted. Although surgical management of distal clavicle fractures has been described, current evidence suggests equivalent outcomes between surgical and nonsurgical management. Additionally, no single surgical technique has been shown to be superior to the others. A prospective randomized study comparing surgical and nonsurgical management of type II distal clavicle fractures is necessary to better determine the optimal treatment.
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